The hydration status of a physically active individual or athlete can influence his/her physical or mental performance. The degree of hypohydration may lead to serious health problems, and consequently to impair athletic performance. The consumption of water or carbohydrate-electrolyte beverages before, during and after exercise is essential to maintain fluid balance and prevent dehydration. Besides these drinks, research findings have pointed using bovine milk as an alternative to sports drinks to optimize hydration levels in athletes and physically active individuals. The nutritional composition of cow's milk promotes post-exercise rehydration process, due to the natural presence of water and electrolytes such as sodium and potassium. Although most studies have confirmed that bovine milk is a viable alternative for rehydration, recent studies have not reported significant differences between milk and some sports drinks for hydration process. Thus, milk consumption could be used as an alternative beverage for the hydration process.
Introduction
Physical activity results in loss of body water and electrolytes through sweating, which are essentials for regulating body temperature. The loss of 2% of body mass during exercise can cause a decrease in performance and can also compromise aerobic, cognitive and mental performance [1] . Therefore, adequate fluid intake during exercise is highly recommended. According to the American College of Sports Medicine (2007) [2] , pre-exercise hydration ensures euhydration and water balance, in order to subsequently ensure the goal to replace fluid and electrolyte looses. Thus, the consumption of carbohydrate-electrolyte beverages (sports drinks), especially dur-ing exercise, is better than water consumption to ensure the replacement of fluids and electrolytes [2] .
An alternative to available commercial sports drink is cow's milk or drinks containing cow's milk proteins, especially whey proteins, which has shown positive results in the post-exercise rehydration process, according to some referenced studies [3] - [8] . These studies associate the hydration benefits with nutritional aspects of milk, namely natural electrolytes composition (sodium and potassium), presence of water, carbohydrates and proteins and longer gastric emptying time [3] - [8] .
As an alternative strategy to improve hydration during sporting activities, the aim of this work was to conduct a literature review about the use of milk as an option to replace the lost fluids during exercises.
Thus, a qualitative systematic review was conducted in international databases (PubMed, Science Direct, Scielo) between August and October 2014 using the keywords: hydration, dehydration, fluid replacement, bovine milk, milk proteins, athletic performance, and exercises, in order to synthesize qualitative evidence to address aspects other than effectiveness on sports beverage to hydration. The inclusion criteria considered articles published between 2006 and 2014.
Bovine Milk Composition and Characteristics
Bovine milk is a key dietary protein source in human diets. Its composition has high amounts of essential amino acids (504 mg•g of crude protein −1 ), which is an important nutrient source for the human body, especially for lacto-vegetarian diets [9] [10] . Milk proteins can be fractionated into two major groups, which means that in acidification at pH 4.6, one group, about 80% of total proteins found in milk, are precipitated from the solution and this fraction is referred as casein [11] . The other group is composed by the whey proteins (20% of total proteins). Whey proteins come from the proteins that remain soluble under these conditions [12] . When evaluated separately, whey proteins have a protein efficiency ratio (PER) of 3.0 -3.2, while the caseins have PER of 2.5, demonstrating the superior quality of whey proteins [11] [13] . Casein has higher content of histidine, methionine, phenylalanine and other non-essential amino acids such as arginine, glutamine, proline, serine and tyrosine [14] . Whey proteins have a larger amount of branched-chain amino acids (BCAA) leucine, isoleucine and valine [14] . Due to the bovine milk amino acids attributes, it is widely used in sports nutrition to help performance enhancement, muscle recovery after exercise and muscle mass gain in physically active individuals and athletes [9] . Whole bovine milk has 95% of triacylglycerol, 2% of diacylglycerol, less than 0.5% of cholesterol, about 1% of phospholipids and 0.5% of free fatty acids less. The origin of the animal, stage of lactation, mastitis, ruminal fermentation are factors that influence the quantity and milk fat composition [15] .
Another important milk's property regards its source of calcium (122 mg•100g ), the latter two liposoluble vitamins which are lost in the skimming process [11] [15] [16] .
Approximately 70% of dietary calcium intake comes from milk and its derivatives, making its adequate intake extremely important to maintain healthy bones and teeth [9] . Calcium also has an important effect on muscle contraction, as it is the mineral responsible for releasing the active actin and myosin sites, forming the crossbridge. During exercise there is sarcoplasmic reticulum calcium depletion, and if not reversed, there may be mineral deficiency for muscle contraction [17] . Thus, calcium intake after exercise is necessary to replace lost reserves during physical activity and also to promote athlete's good bone health [18] . Whole milk is also a vitamin D source. Vitamin D is responsible for calcium homeostasis, therefore has an important role in bone mineralization. It is also responsible for the increased calcium uptake in muscle cells, promoting greater availability of this mineral for muscle contraction [19] .
The main nutritional bovine milk characteristics is related to a possible post-exercise hydration improvement, because of its consistency of natural water presence, besides having sodium and potassium, which are essential in the homeostasis of body fluids [20] . Milk contains sodium and potassium, important electrolytes in the hydration process. About 250 mL of whole and skim milk contains, respectively, 126 to 133 mg of Na + and 391 to 431 mg of K + [21] . In a dehydration condition, sodium intake is important because it increases plasma volume, stimulates voluntary thirst and glucose absorption in the small intestine [4] and for that reason carbohydratebased drinks contain added sodium [4] . In 1997, Maughan, Leiper and Shirreffs reported that better hydrating drinks should contain at least 50 mmol/L of sodium [22] . However, in 2007, Shirreffs et al. [4] observed that skim milk with added sodium (58 mmol/L sodium) was not different in hydration when compared with skim milk (38.6 mmol/L sodium). Besides, both drinks were more efficiently in the hydration process comparing to water (0.3 mmol/L sodium) and carbohydrate beverages (23 mmol/L sodium). Skim milk with sodium increased the sodium concentration in the urine [4] . Thus, natural sodium concentration in milk (35 mmol/L sodium), seems to be sufficient to improve hydration process [4] [23] , maintain the plasma osmolality and prevents the production of dilute urine [8] [20] .
The potassium function in hydration is already unknown; however it is the main intracellular cation involved in restoring the fluid balance, due to water retention in the intracellular space [20] . Supplying an individual proper hydration, besides restoring the electrolytes, as well, a complete hydration requires bringing through the fluids lost [24] . In this sense, the composition of milk favors this process, because in addition to sodium and potassium concentration, it contains approximately 80% of water.
Other factors that influence hydration process consider the gastric emptying time and intestinal absorption in relation to serum osmolality [25] . The amount of liquid ingested, as well as its composition and nutritional energy density affects these parameters and consequently the hydration [25] . Thus, the higher is energy value of a drink, the lower is gastric emptying time and intestinal absorption, resulting in the control of serum osmolality, preventing excessive urinary excretion and ensuring the hydration process [26] .
The milk energy ability varies from 90 kcal•250mL −1 (skim milk) to 159 kcal•250mL −1 (whole milk), while sports drinks have between 52 and 85 kcal•250mL −1 [21] . This difference is due to the fact that milk has protein and fats that sports drinks do not have [21] . Thus, milk composition may act in gastric emptying and hydration improvement [20] . Relationship between milk proteins ingestion and the gastric emptying time was identified in 1997 by Calbet & MacLean [26] . Four drinks were assessed in equal volumes (600 mL); containing glucose (0.1 kcal•mL [26] . The amount of liquid ingested and its nutritional composition and energy density could affect these parameters and consequently hydration [25] . Thus, the higher drink energy content the lower gastric emptying time and intestinal absorption, which mean result in serum osmolality controlling to prevent excessive urinary excretion and ensuring the hydration process [26] .
In a hydration process, the amount of carbohydrate must be taken into account and its effects must be evaluated. The Institute of Medicine (1994) [27] published in Fluid Replacement Guides that the amount of carbohydrates in hydrating drinks should be between 5% -10%, which is a ratio found naturally in milk and used in commercial sports drinks (6.0% -6.4%) [21] . When analyzing fat proportion in milk, there are three products: whole, semi skim and skim milk, it ranges from 4.8% to 5.2% [21] [28] .
The addition of carbohydrates (from 40 g) in drinks could also increase energy and decrease gastric emptying time, as observed by Vist and Maughan [29] in comparison to water. A hypertonic drink (10% carbohydrate) resulted in shorter gastric emptying time, and allows reduced urine production, increased water retention, and smaller plasma volume when compared to a hypotonic drink (2% carbohydrate) [30] . Lee et al. (2008) [31] observed a greater feeling of fullness after consuming milk when compared to other drinks analyzed. The same result was found in the study of Watson et al. (2008) when milk for hydration was analyzed [5] . The ratio of milk proteins is 4:1 (casein:whey protein), which perks a shorter gastric emptying time, favoring a decrease in diuresis [5] [6] [21] .
In this context, the sports drinks and milk composition could be better to promote hydration process in relation to water. However, the association between milk consumption and longer gastric emptying time has been questioned in the last years. When 250 mL of black tea added with 50 mL of whole milk, was evaluated in preoperative people evinced there was no differences in gastric emptying time when is compared with consumption of just black tea 300 mL [32] . In 2013, a study with rats evaluated the effect on hydration by the consumption of water (W); whole milk (WM); sports drinks (SD); milk protein solution (MPS) and milk electrolyte solution (MES) [33] . The analysis of the hydration pattern showed a significant difference about 55% less urine produced in the WM group compared to the W group. The plasma aldosterone levels increased significantly in the MPS and WM groups compared with W, and the plasma osmolality level was higher in the MPS group compared with W and MES, but there was no difference in gastric emptying time (SD = 50 min; MPS = 52 min; W = 54 min; WM = 62 min). Moreover, milk proteins promoted greater water retention and high plasma aldosterone levels, suppressing plasma osmolality decrease, but without changing on gastric emptying time [33] .
Bovine Milk Consumption, Exercise and Hydration Status
Shireffs, Watson and Maughan (2007) [4] compared skim milk, skim milk with NaCl added, water and isotonic drink-in equal volumes (150% of body weight loss)-in hydration of physically active subjects. The intake of water and a carbohydrate drink, compared to the consumption of milk and milk with NaCl, seemed to increase urine production during the recovery period, and showed milk as an effective solution to promote hydration in comparison to the same volume of water or sports drink in post-exercise [4] .
In 2008, the same group of researchers compared skim milk to a commercial drink with carbohydrates and electrolytes in post-exercise, observing lower production of urine and positive fluid balance until ending the rest period for the individuals who consumed skim milk [5] . However, there were no significant differences about consumption of skim milk and commercial drink in the ability to perform exercise after 3 hours resting [5] .
A study with 38 children was conducted in order to ascertain whether there was better hydration with consumption of skim milk (SM) in relation to water and hydrating sports drink (CES) [8] . There was greater water retention with the consumption of SM, and the fluid balance was negative during the recovery period for SM group. Although the results achieved show better hydration with SM, the volume ingested must be considered since the study only presented 100% loss of body weight and ideally a larger volume should be preferred 150% [8] .
More recently, the effect of consumption of different drinks: bovine milk, soy milk, liquid meal supplement milk-based (Sustagen Sport-Nestlé ® ) and a sport drink (Powerade-Coca-Cola ® ) on hydration status was evaluated in the post exercise period. This study showed that a better hydration was promoted by the beverage containing milk-based drinks (Sustagen Sport-Nestlé ® ). The authors stated that the additional energy supply and the amount of sodium in the milk-based drinks influenced the recovery of lost fluids after the exercise [34] .
In summary, it was observed that drink's composition directly interfere in the rehydration process and skim milk is a suitable alternative to provide hydration. It should be highlighted that in order to promote body fluid homeostasis, the total volume of liquid ingested should be greater than the lost volume in the exercise (corresponding to 150% of body mass loss) [35] . However, some studies have demonstrated that the consumption of liquid ad libitum, taking in account thirst sensation seems to be enough to promote proper hydration status [36] - [38] . Thus, studies investigation consumption of different volumes of milk, and comparison with other beverages, should be conducted in order to understand the milk's role in hydration process.
In the Table 1 are shown a summary of studies that used milk or others beverages for promote post-exercise hydration. These studies suggested that the use of milk in the post exercise can help to replace fluids and promote the hydration. Despite the benefits regarding the intake of milk in post-exercise, it should be pointed out that some individuals have hypolactasia/alactasia, allergy to milk proteins or some other intolerance that prevents its consumption. In this case, are recommended to ingest alternative drinks rather than milk-based drinks to restore the normal physiological hydration state in the post-exercise [4] . For individuals with hypolactasia diagnosis, may be prescribed the lactose-free milk [39] as an alternative. Lactose-free milk was described as good recovery drink when compared to water and sports drink [40] . However, there are no studies that compared the effects of this type of milk on post-exercise hydration.
Final Remarks
Bovine low-fat milk seems to be an alternative beverage for physically active individuals and athletes who experienced fluid loss during exercise. However, there are conflicting results regarding the effect of milk on hydration status; therefore, more studies are needed to understand the real effect of milk on hydration process.
